Immunofluorescence analysis showed that the earliest myosin detectable in both the embryonic chicken heart and somitic myotome, the precursor to skeletal muscle, was strongly reactive with two different monoclonal antibodies specific for the heavy chain of cardiac ventricular myosin, but it showed no reactivity with affinity-purified polyclonal antibodies specific for the heavy chains of either fast-twitch or slow-tonic skeletal myosins. The heart remained reactive exclusively with the antibodies to cardiac myosin throughout development, while late embryonic (day 20) skeletal muscles were strongly reactive only with their homologous skeletal myosin antibodies. Our findings suggest that the primordial myosin heavy chain detectable in both forms of embryonic chicken striated muscle, the myotome and the heart, is immunologically distinct from myosins expressed in later embryonic as well as adult skeletal muscles, but it contains antigenic determinants similar to those present in cardiac ventricular myosin.
There is abundant evidence that myosin expression undergoes transitions during the development of both skeletal (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) and cardiac muscle (1, (12) (13) (14) (15) (16) in a number of species. However, there has been considerable controversy as to the nature of both the heavy-chain and light-chain subunit composition of the myosin isozymes expressed in embryonic muscle. With respect to heavy-chain composition, there are several lines of evidence to suggest that skeletal muscle development is characterized by the expression of a distinct embryonic isomyosin (1) (2) (3) (4) (5) (6) (7) (8) . Other evidence has suggested that the developmental program for embryonic skeletal muscle involves either the expression of fast skeletal myosin initially (10) , the coexpression offast and slow skeletal isomyosins (7, 9) , or the expression of cardiac as well as skeletal isomyosins (11, 17, 18) . In the case of cardiac muscle, it is unclear whether the developmental program involves the coexpression of skeletal as well as cardiac isomyosins (17, 18) .
We examined myosin isozyme expression in the chicken embryo from the earliest demonstrated stages of myogenic differentiation and contractile protein expression in both the developing heart (19, 20) and somitic myotome (21) (22) (23) , the precursor to skeletal muscle. The antigenic properties of the primordial striated-muscle myosins were analyzed by indirect immunofluorescence with specific monoclonal antibodies produced against the heavy chains of chicken cardiac ventricular (V3) myosin, and with affinity-purified polyclonal antibodies produced against the heavy chains of adult fast and slow skeletal myosins. We found that the earliest myosin heavy chain detectable in both forms of striated muscle was indistinguishable with these antibodies from cardiac ventricular myosin expressed in the adult heart but immunologically distinct from myosins expressed in later embryonic as well as adult skeletal muscles. Myotomal cross-reactivity with the cardiac antibodies was in striking contrast to the absence of reactivity of adult chicken skeletal muscles with these same antibodies. Our results indicate that the primordial myosin detectable in both forms of chicken striated muscle contains antigenic determinants similar to those present in cardiac ventricular myosin, and suggest the possibility that the initial developmental program for myosin expression in differentiating skeletal as well as cardiac muscle may be related to that for cardiac ventricular myosin.
MATERIALS AND METHODS
Myosin Antibody Specificity. Two monoclonal anti-cardiac myosin antibodies were used, CCM 31A and CCM 52, both of which are specific for the heavy chain of ventricular myosin and show no significant reactivity with either fast or slow adult chicken skeletal myosins (15, 24) . Both antibodies were prepared against myosin isolated from day 12-18 embryonic chicken ventricle and were equally reactive with myosin present in the late embryonic and adult ventricle. Two different antibodies were used to provide two separate tests of cross-reactivity. Antibody CCM 31A is specific for chicken ventricular (V3) myosin (24) ; antibody CCM 52 reacts with an epitope shared by all V3 ventricular myosins examined [amphibians through mammals, including humans (15) ].
The anti-skeletal myosin antibodies used, anti-PLD and anti-ALD, were polyclonal antibodies directed against the heavy chains of myosin isolated from posterior latissimus dorsi (PLD; a fast-twitch muscle) and anterior latissimus dorsi (ALD; a slow-tonic muscle), respectively, of the adult chicken (25) . Each antibody was affinity-purified by absorption on columns of immobilized myosin from the heterologous skeletal muscle. In addition to reacting with the homologous myosin heavy chains from adult muscles, both antibodies cross-reacted with myosin from skeletal muscle of day 14 embryos. At this stage, a mRNA for myosin heavy chain is expressed that presumably corresponds to embryonic myosin, because its expression declines in the post-hatching period and is not detectable in adult muscles (8 14) and remained so throughout subsequent development (Fig. 1 A-F (Fig. 1 C and F) . The myocardium was not reactive with affinity-purified polyclonal antibodies to the heavy chains of either fast or slow skeletal muscle myosins at any stage of embryonic development ( Fig. 1 G-L) .
The somitic myotome also reacted only with the anti-cardiac antibodies at the onset of detectable myosin accumulation and continued to react exclusively with these antibodies for more than 2 days of subsequent development. Low levels of fluorescence observed initially on the second day (stage 16) in a small number of cells in the center of the brachial level myotomes developed rapidly into strong cross-reactivity with the anti-cardiac antibodies (stage 18; Fig. 2 A and E). By the fourth day (stage 24), most cells throughout the myotome were strongly fluorescent with the anti-cardiac antibodies, with distinct striated staining patterns often visible ( Fig. 2 B and F) . The myotome continued to cross-react strongly with the anti-cardiac antibodies through the period of its division into separate skeletal muscle masses, which other on the basis of their reactivity with the antibodies used in this study. The heart, as was the case earlier in development, reacted only with the anti-cardiac myosin antibodies; the ventricular myocardium showed a strong fluorescence (Fig. 3 A and D) . There was a complete absence of cardiac reactivity with either skeletal antibody (Fig. 3 G and J) . Day 20 embryonic skeletal muscles showed strong reactivity only with their morphologically appropriate anti-skeletal antibodies: future slow skeletal muscle ALD reacted strongly with anti-ALD antibody (Fig. 3K) , and future fast skeletal muscle PLD reacted strongly with anti-PLD antibody (Fig. 31 ).
These muscles cross-reacted weakly (in the case of ALD; Fig. 3H ) or not at all (PLD; Fig. 3L ) with the heterologous anti-skeletal antibody. Furthermore, skeletal muscle crossreactivity with the cardiac antibodies was either absent entirely (PLD; Fig. 3 C and F) or present at only low to moderate levels (ALD; Fig. 3 B and E) on day 20. By comparison, in the adult, the cardiac antibodies show no immunofluorescent reactivity with either skeletal muscle, and the skeletal antibodies are reactive exclusively with their homologous muscles (not shown).
DISCUSSION
The results of our immunofluorescence study indicate that the primordial myosin detectable in both forms of embryonic striated muscle in the chicken contains antigenic determinants similar to those present in cardiac ventricular myosin heavy chain but is immunologically distinct from myosins expressed in both later embryonic and adult fast and slow skeletal muscles. While cardiac muscle continues to react exclusively with the cardiac antibodies into adult life, skeletal muscle demonstrates exclusive reactivity with the cardiac antibodies only during its earliest myotomal stages of development. As individual skeletal muscle masses begin to develop from their myotomal precursors, they become reactive with antibodies to fast and slow skeletal as well as cardiac myosin. At late embryonic stages (day 20) , each skeletal muscle type shows strong reactivity only with homologous skeletal myosin antibodies.
As far as the dividing myotome and its derivatives are concerned, our results are consistent with studies showing coexpression of several isomyosins in embryonic skeletal muscle (7, 9)-specifically with those that have demonstrated expression of isomyosins with cardiac as well as skeletal antigenic properties (11, 17, 18) . These results could also be consistent with the expression of a distinct embryonic isomyosin (1) (2) (3) (4) (5) (6) (7) (8) , because our anti-skeletal antibodies cross-react with embryonic as well as adult skeletal myosins. However, our results indicate that these patterns of myosin expression do not apply to the initial developmental program for the myotome. Furthermore, we did not find any evidence that the developmental program for cardiac ventricular myocardium includes the expression of skeletal as well as cardiac myosin heavy chains (17, 18) .
Our results suggest that the first developmental program for myosin expression in both forms of differentiating striated muscle in the chicken is related to that for cardiac ventric- (27) have been demonstrated in cultured skeletal muscle, and cardiac forms of troponins T and C have been demonstrated in the somitic myotome in vivo (28) .
The expression of a cardiac or cardiac-like contractile protein phenotype in the myotome and heart could be histotypic of striated muscle in its epithelial stages. At the earliest stages of development, both the myocardium and myotome have an epithelial histological organization and ultrastructure in which the cells are attached to each other through specialized apical junctions (20, (29) (30) (31) . This epithelial arrangement appears to be a phylogenetically primitive as well as an ontogenically early form of muscle organization. The myocardium retains epithelial characteristics throughout development (20) , while myogenic cells in the myotome lose their epithelial characteristics as the myotome divides into individual muscle masses and cells differentiate into multinucleated myotubes characteristic of skeletal muscle (23, 32) . Our findings suggest that the primordial or epithelial stage striated muscle myosin persists in the myocardium as cardiac myosin, while it, or an isomyosin related to it, is expressed in the early myotomal stages of embryonic skeletal muscle development.
